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(54) PREPREG FABRIC AND HONEYCOMB SANDWICH PANEL 

(57) A woven fabric prepreg comprising at least (A] 
a woven fabrk; as reinforcing fibers. [B] a thermosetting 
resin or thermosetting resin composition and [Q] fine 
particles of a resin and having a cover factor of 95% or 
more, and a honeycomb sandwich panel, comprising 
skin panels fabricated by sakJ woven fabric prepreg and 
[D] a honeycomb core can be obtained. The woven fab- 
ric prepreg fittle changes in tackiness with the lapse of 
time and has moderate drapability, being excellent 
coK fldhAsivAfioss to the honeycomb core when imu 
SRin panels ot a honeyoomb sandwich panel. Further- 
more, the honeycomb sandwk^h panel obtained has a 
smaO porosity m the skin panels fabricated by the cured 
prepreg and has excellent surface smoothness with few 
pits and depressions on the surfaces of the skin panels. 
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Description 
Technical Retd 

[0001] The present invention relates to a woven fabric 
prepreg and a honeycomb sandwich panel. In more 
detail, H relates to a woven fabric prepreg little changing 
in tackiness with the lapse of time, having moderate dra* 
pabitity. and excellent in the self adhesiveness to a hon- 
eycomb core when used as sWn panels of a honeycomb 
sandwich panel, and also relates to a honeycomb sand- 
wich panel small in the intemal porosrty of the skin pan- 
els fabricated by a cured prepreg and excellent in 
surface smoothness with few Mes arxl depressions on 
the surfaces of the skin panels. 

Background Arts 

[0002] Rber reinforced composite materials respec- 
tively consisting of reinforcing fibers and a matrix resin 
have been being widely used for aircraft, automobiles 
and other industrial applications because of their excel- 
lent mechanical properties, etc. In recent years, with 
accumulated achievements of use. the fiber reinforced 
composite materials are required to satisfy more and 
more severe properties. To sufficiently manifesl the 
mechanical properties and durability of fiber reinforced 
composite materials, ft is important to decrease the 
defects contributing to the decline of strength. Espe- 
cially for structural materials and interior materials of 
aircraft reinforced fiber composite materials are 
increasingly used as skin panels in honeycomb sand* 
wich panels for reduction of weight. Honeycomb cores 
used include aramid fioneycomb cores and aluminum 
honeycomb cores. It is generally practiced to produce a 
honeycomb sandwich panel t>y laminating a honeycomb 
core made of aramtd paper with prepreg laminates on 
both sides and curing the prepreg laminates while 
bonding the prepreg lanfvnates to the honeycomb core 
as so-called co-curing. 

[0003] In this case, the adhesive strength between the 
honeycomb core and the prepreg laminates as skin 
panels is important and a method of keeping adhesive 
films between the honeycomb core and the prepreg 
laminates and curing the prepreg laminates together 
with the adhesive f 0ms for fabricating a sandwich panel 
has been popularly used. However, for further weight 
reduction and fabrication cost reductfon of the honey- 
comb sandwich panel, it is demanded in recent years to 
directly bond the honeycon^ core and the prepreg lam- 
inates (hereir^fter called self adhesiveness) without 
using any adhesive film. 

[0004] However, in the bonding without using any 
adhesive film, since there is no resin supplied as the 
resin in the adhesive fims. the resin existing in the pre- 
preg laminates must migrate onto the honeycomb core 
to sufTidently wet the honeycomb core walls instead of 
the adhesive films during fabrication, and it is a dfficutt 


problem to achieve a high adhesive strength. The por- 
tions where the resin runs down or rises from the pre- 
preg lan^nates in the nonmal direction of the 
honeycomb core into the honeycomb cor wall and is 

5 cured are called fillets, and it is diffkxilt to sufficiently 
form the fillets between th honeycomb core and the top 
and bottom skin-panels. If the viscosity of th resin is 
too low. the resin from the top skin panel into the honey- 
comb core wall tends to run down too much, and as a 

10 result the adhesive strength between the top sWn panel 
and the honeycomb core becomes insufficient On the 
other hand, if the viscosity of the resin is too Wgh, the 
resin cannot sufficiently wet the honeycomb core wall, 
and especially the adhesive strength between the bot- 

fs tom skin panel and the honeycomb core becomes insuf- 
ficient. 

[0005] On the other hand, there is also a problem that 
since the resin in the prepreg laminates must be distrib- 
uted toward the honeycomb core wall, the at)SOlute 

20 amomt of the resin in the lanvnates becomes so insuf- 
ficient as to make the skin panels likely to t>e pocous. In 
the case of honeycomb sandwich panel. stiKe no pres- 
sure acts on the top or bottom prepreg laminates at the 
portions corresponding to the hexagonal cavities during 

25 fabrication, porosity is likely to take place compared to 
the fabrication of ordinary prepreg laminates. 
[0006] Furthermore, to decrease such defects as pits 
and resin blurs on the surfaces of skin panels, it has 
been often practiced to stick adhesive films on the sur- 

30 faces of prepreg laminates, for curing them together 
with the prepreg laminates. However, for further %veight 
reduction, material cost reduction and fabrication cost 
reduction of honeycomb sandwich panel, it is desirable 
to form smooth sWn panels free from surface defects 

35 without using any adhesive film. 

[0007] However, since there is no resin supplied as 
the resin in the adhesive films if no adhesive f Qms are 
used, the resin remairvng on the surfaces of the skin 
panels become less, and it is a diTicult problem to 

40 achieve a high grade suifaoe state 

[0008] Prior arts concerning the prepregs reinforced 
by cariDon fO^ers and matrix resins intended for use in 
honeycomb sandwich panel include the following. 
[0009] US Patent Na 4.500.660 discfoses an epoxy 

45 resin composition obtained by adding dfoyanecfiamide 
to a specific epoxy resin and the reaction product of 
butadiene acryfonitrile copolymer having functional 
groups at both the ends and an epoxy resia TTie object 
IS to improve the self adhesiveness of prepreg lami- 

so nates to a honeycomb core and the intertayer shear 
strength of skin panels. However, the US f^ent is not 
intended for improving ttie surface smoothness of sidn 
panels, and judging from the curing agent used, the 
oompositfon is not 80 sufficient in heat resistanoe as the 

es composition of the present invention. Furthemme, the 
resin composition does not contain fine particles of a 
resin. So. the US Patent cannot achieve the ck]iect of 
the present invention. 
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10010] Japanese Patent Laid-Open (KokaQ No. 58- 
82755 describes that H a composition obtained by add- 
ing dicyanediamide and diamincdiphenytsuHone as cur- 
ing agents to an epoxy resin and the reaction product of 
a liquid txrtadiene aaylonitrile copolymer having car- 
boxyl groups at both the ends and an epoxy resin is 
used, the self adhesiveness of the prepreg laminates to 
the honeycomb core, especially the adhesive strength 
at high temperature becomes high, while the honey- 
comb sandwich panel does not have defects on the sur- 
faces. However, the patent gazette does not state 
anything about inhbhing the temporalty caused change 
in the tackiness of the prepreg. and cannot achieve the 
object of the present invention since the resin composi- 
tion does not contain fine particles of a resin. 
(0011] US Patent No. 5.557.831 describes that rf a 
highly thixotropic resin is used in a woven fabric prepreg 
to be co-cured lor pnxludng a honeycomb sandwich 
panel, the porosity in the sWn panels can be effectively 
decreased. However, since the resin composition of the 
US patent does not contain fine particles of a resin, the 
self adhesiveness of the prepreg laminates to the hon- 
eycomb core Is poor 

(001 2] On the other hand, the tackiness and drapabil- 
ity of a prepreg often come into question when a pre- 
preg is used. These properties greatly affect the 
working convenience when a prepreg is handled. 
[0013] If the tackiness of a prepreg is too small, the 
prepreg sheets overlaid and pressed for lamination are 
soon delamtnated to Inconvenience lamination work. In 
such a case, the working ambient temperature must be 
raised till nrx)derate tackiness can be obtained. On the 
contrary, if the tackiness of a prepreg is too large, the 
prepreg sheets overlaid by mistake cannot be delami- 
nated for correctk>n since they are strongly bonded by 
their own weights, 

[0014] H the drapability of a prepreg is poor, the pre- 
preg is so hard as to remarkably inoonvenience lamina- 
tion work, and the prepreg laminate does not accurately 
fbliow the curved surfaces of a moid or the form of a 
mandrel, being wrinkled or having reinforcing fibers bro- 
ken, to cause defects in the form obtained, bi such a 
case, the working ambient tempeiature must be raised, 
but it is difficult to t>alance drapability with taddness. 
This is a very large problem in the work of fabricatkxi. 
(001 5] The tackiness and drapability of a prepreg are 
mainly decMed by the visooelastictty of the matrix resin. 
In general, the visooelastk% of an epoxy restn greatly 
depends on temperature, and if the working antM'ent 
temperature changes, the adhesiveness and drapability 
change, not allowing working as the case may be. 
[001 6] Furthermore, even when a prepreg has moder- 
ate tackiness immediately after production once the 
amount of the resin existing on the surface is relatively 
large, the resbi tends to sink inskJe with the lapse of 
time, to lose tackiness gradually as temporally caused 
change. In this case, lamination woric under the same 
conditions cannot t>e effected to pose a large problem 


as an industrial material. If the resin has a r latively high 
viscosity, the temporally caused change of tackiness 
tends to be small, but on the other hand. diapabOity is 

likely to be insufficient. 

5 [0017] Epoxy resin compositk>ns with a high molecu- 
lar epoxy resin added for the purpos of improving fat>- 
rlcatkm work convenience by optimizing th tackiness 
and drapabOi^ of a prepreg are disck>sed In Japanese 
Patent Laid-open (Kbkai) r>tos. 62-127317 and 63- 

10 308026. Japanese Patent Laid-Open (Kbkai) Na 2- 
20546 discloses an epoxy resin composition with a 
nrtrile rubber modified epoxy resin added for the pur- 
pose of optimizing drapability and resin fk)w. However, 
these methods have respective disadvantages such 

IS that even if either the tackiness or drapabilrfy of a pre- 
preg can be improved, the balance of both is improper, 
and that the mecharocal properties of the obtained form 
are sacrifrced. 

[0018] As a method for improving the tackiness, etc. 

20 Of a prepreg, it is known to add a high polymer such as 
a thernnoplastic resin or elastomer to an epoxy resin. 
For example, it is known to add polyvinyl formal resin as 
stated in Japanese Patent Laid-Open (Kokai) Nos. 58- 
8724 and 62-169829, 1D add polyvinyl acetal resin as 

25 stated in Japanese Patent Laid-Open (Kokai) Nos. 55- 
27342. 55-108443 and 56-2119. to add polyvinyl butyral 
resin as stated in Japanese Patent Laid-Open (KokaQ 
No. 52-30187. to add a polyester polyurethane as 
stated in Japanese Patent Lakl-Open (KoKai) Na 5- 

30 1 17423. to add a polyvinyl ether as stated in Japanese 
Patent Laid-Open (Kbkai) No. 4-130156. eta Howey/er. 
these methods raise the viscosity of the resin to lower 
drapability disadvantageously. and it has been difficult 
to find a resin satisfactory in both tackiness and drapa- 

35 bility. 

[001 9] That is. with the prior arts, tt has been difficult 
to obtain a prepreg having good physk:a] properties, 
particulariy the self adhesiveness necessary for oo-cur- 
ing of honeyconi) sandwich panel, appropriate tacM- 
40 ness free from temporally caused change and sufftoient 
drapability. 

[0020] The techniques dtsck>sed in the above known 
arts are insufficient in the self adhesivertess of the skin 
panels to the honeycomb core or are not interxled for 

45 decreasing ihe porosity in the skin panels without 
deserving anytMng about the effect of porosity 
decrease. Furthermore, when boards obtained by lami- 
nating and cuing prepreg sheets are used as skin pan- 
els of a honeycornb sandwich panel wittKXJt using any 

so adhesive films on the skin panels, they are not sufficient 
in surfiace smoothness according to tfie techniques dts- 
ck^sed in the above known arts. Moreover, there has 
been no technique of provkfing a woven fabric prepreg 
improved in tackiness and drapability and decreased in 

ss their temporally caused change. That Is. It tias been a 
very difficult problem to design aprepreg which satisTies 
all of higher seH adhesfvenesa off the skin panels to the 
honeycon^ core, decrease of porosity in the skin pan- 


3 


5 

els, better surface 6mcx>thness on the sWn panels of a 
honeycomb sandwich panel, irthibifing the tenrporally 
caused change in the tackiness of a prepreg and good 

drapabiirty. 

Disclosure of the Invention 


6 

in the tackiness of the prepreg. Furthermore, if the cover 
factor is large, a formed board excellent in txjrrhthrough 
property and good in fcr resistance can t>e obtained. 
The cover factor range especially euHable tor the 
5 present invention is 96% or more, and 97.5% or more is 
more preferable. 
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10021] The object of the present invention is to provkJe The Best Embodiments of the Invention 
a woven fabric prepreg excellent in the self adhesive- 
ness to the honeycomb core, the decrease of porosity In io [0027] The present invention is described below In 
the sWn panels, the decrease of defects on the surfaces detail. 

of the skin panels of the honeycomb sandwich panel, (0028] In the present invention. [A] is a woven fabric 

appropriate tackiness as a prepreg without any tempo- as reinforcing fibers. The reinfordng fibers which can be 

rally caused change, and drapability. used here include glass f bers, cartx)n fillers, aranud fib- 

[0022] Since the composites obteined by curing the is ers. boron fibers, alumina fibers. sOicon carbide fbers. 

woven fatmc prepreg of the present invention is high in etc. Two or more lands of these fibers can also be used 

heat resistance, toughness and impact resistance, it as a mixture. To obtain a composrtes with lighter weight 

can be used as an excellent structural material. and higfier durability, it is especially preferable to use 

10023] The present invention to achieve the above cartxxi fibers or graphite fibers. In view of high tensile 

object has the following constitution: so strength as fbers and high Inpact resistance as a hon- 

[0024] A woven fattfic prepreg. comprising at least the eyoomb sandwich panel, high strength cartxHi fibers 

following [A], [B] and [C] and having a cover factor of with a strand tensile strength of 4.4 GPSa or more and a 

9S% or more. tensile break elongation of 1 .7% or more are more pref- 
erable. 

[A] A woven fabric as reinforcing fibers 25 [0029] Furthermore, for higher Inpact resistance. It Is 

[B] A thermosetting resin or a thermosetting resin especially preferable to use cartxxi fibers with a tensile 
composition elongation of 1 .7% or more, and it is preferable that the 
[Cq Rne particles of a resin cartxxi fibers have an elastic modulus in tension E of 

200 GPa or more and a breaking strain energy of 4.0 

[0025] A honeycomb sandwich panel, comprising at so mm • kgf^mm^ or more. To use reinforcing fibers with a 

least skin panels comprising at least the following [A]. high elastic modulus in tension E means that a high 

[B] and (01. and the following [D]. strength can be obtained in the climbing drum peel 

method, one of self adhesiveness evaluatfon methods. 

[A] A woven iatxic as reinforcing fibers Such high strength high efongation caitx)n fO^ers 

[6] A thermosetting resin or a thermosetting resin ss include, for example, T700SC. T800H. T1000G. etc. 

compoation produced by Toray Industries. Inc. 

[q Rne particles of a resin [0030] As a woven fabric used as reinforcing fibers. 

[D] A honeycomb core any known two<limmional woven fabric can be used. 

Preferable weaves include plain weave, twill weave, 
[0026] The cover factor of the woven fabric prepreg 40 leno weave and satin weave. Especially plah weave is 
refers to the rate of the area of the portions occupied suitable since a thin composites can K)e easily pro- 
weaving yarns to the entire prepreg area. If the weaving duced. The weawng yarns of a woven fabric are fftier 
yams are spread more, the cover factor is larger. If a bundles, and it is preferable that one fa^er bundle con- 
woven fabric prepreg with a cover factor of 95% or more sists of 2500 to 30000 filaments. If one f ber burxfle con- 
is used as the skin panels, the porosity as a defect 4S sists of less than 2500 faaments, the fbers arranged are 
inside the skin panels is decreased to provide sfdn pan- likely to meander for lowering the strength. If more than 
els excellent in stiffness and strength, and to provide a 30000 fifaments, resin Impregnation is unlikely to take 
honeyoon^ sandwfoh panel excellent in the self adhe< place at the time of prepreg produdton or at the time of 
srveness of the skin panels to the honeycomb core eval- fabrication. A more preferable range is 2800 to 25000 
uated according to the climbing drum peel method and so filaments. Especially fiber kxmdles respectively consist- 
good in the surface smoothness of the skin panels. Fur- ing of 5000 to 25000 filaments are preferable since the 
thermore. the resin is likely to t>e retained on the surface surface smoothness of the honeycomb skin panel 
of the prepreg. to lessen the temporally caused change becomes better. 

in the tackiness of the prepreg. If the cover factor is (0031] Similariy it is preferable that the fineness of 

insufficient. His likely that the pits are formed on the sur- ss each fiber bundle Is 1500 to 20000 deniers. If thefine- 

faces of the skin panels and that the sidn panels ness Is less than 1500 deniers. the ananged fibers are 

become porous, to lower the climbing drum peel Gkely to meander, and if more than 20000 deniers. resin 

strength and to increase the temporally caused change Impregnation is unGkely to take pfaoe at the time of pre- 
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preg production or at the time of fabricatioa 
(0032] If a woven fabric formed by using sttetantlally 
twistiess flat cartx>n muftifilament yarns consisting of 
many cartx)n f bers as weaving yarns is used, the fbers 
of the woven fabric move less and the sinking of the sur- 
face resin is unlikely to occur even if the woven fabric 
prepreg is allowed to stand for a long period of tima So. 
the temporally caused change in the tackiness of the 
prepreg can be inhibited preferably. Furthermore, even 
in the prepreg being formed, the fibers of the woven fab- 
ric move less and the sinking of the surface resin is 
unlikely to ocor. So. the surface smoothness of the 
cured honeycomb sandwich panel is improved prefera- 
bly. The "substantially twistless" state refers to a state 
where a yarn ts twisted by less than one turn per 1 m 
yam length. It is espedally preferable to use a woven 
fabric ionried by substantially twistless muttifiiament 
yarris with a bundle integrity of 100 to 1000. prefa^ly 
100 to 500 mm as hook drop value, in view of less 
movement of fibers of the woven fatxic, easiness to 
retain the flat state of weaving yarns, inhibiting the tem- 
porally caused change in the tackiness of the prepreg 
and better surface smoothness of the honeycomb sarKi- 
wich panel. If the yarns are twisted or distorted, the 
hook drop value becomes smaller. 
[0033] In the case of a reinfo-cing woven fatxic using 
cartwn f fleers, in general, to prevent the trouble that car- 
bon filaments broken during production are wound 
around rollers, the filaments of each precursor fber 
bundle are entangled with each other, to be kept integral 
as a bundle. Furthermore, the anxuint of the sizing 
agent deposited and the acDieskx) between fflaments 
are selected for maldng the cattson fiber yanrs integral. 
The bundle integrity is controlled by the degree of 
mutual entanglement of filaments, the amount of the 
sizing agent deposited and the degree of txsnding. If the 
hook drop value is less than 100 mm« resulting in too 
intensive bundle integrity. K is difficult to inaease the 
cover factor of the woven fabric or the cover factor of the 
prepreg described later, and the effect of inhibiting the 
temporally caused change In the tackiness of the pre- 
preg t)ecomes small. Furthermore, the resin impregna- 
bility of the prepreg is likely to be poor. As a result 
surface pits and internal voids are likely to t>e formed in 
the skin panels. If the hook drop value is more than 
1 000 mm. the cartxMi f bers are less integral as bundles, 
and fuzz is likely to occur, to fower weavability. Further- 
more, the strength as a composite material decCnes. 
(0034] The use of a woven fabric with an areal unit 
weight of 100 to 320 g/m^ formed by flat cartx)n multifil- 
ament yams with a yarn thk^kness of 0.05 to 0.2 mm 
and a yam width/yam thickness ratfo of 30 or more is 
preferable to keep the crimps small, to keep the f bers of 
the woven fabrk; less movable, to keep the resin less 
movable in the prepreg impregnated with the resin and 
to inhibit the temporally caused change of taddness. 
Furthermore, if such flat weaving yarrts are used, a 
woven fabric with a fiber density higher than that of an 


ordinary woven fabric can be obtained, and the surface 
smoothness of the honeycomb sarxlwlch panel can also 
te improved preferably Moreover; if flat weaving yarns 
are used, the stiffness of the skin panel can be 

5 enhanced, and the porosity as an internal defect can be 
decreased, to enhance the strength measured accord- 
ing to the climbing dnjm peel method, one of self adhe- 
siveness ey/aluation methods. It is preferable that the 
thk;kness of the woven fabifo prepreg is 0.15 to 0.35 

10 mm, since the ruggedness due to bent weaving yarns 
does not occur so much to improve the surface smooth- 
ness of the honeycomb sandwich panel. 
[0035] A woven fabrk: using such flat cartDon muKif fla- 
ment yarns can be produced, for exanple. according to 

15 the method stated in Japanese Patent Laid-Open 
(Kokai) No. 7-300739. 

[00361 In the present inventfon. it is preferable that the 
resin content of the prepreg or the skin panels is 33 to 
50 wt%. If the resin content is less than 33 wt%. the 

20 tackiness of the prepreg is likely to be poor, and the sur- 
face pits and resin blurs on the skin panels and the 
porosity in the skin panels are likely to occur, to lower 
the seH adhesiveness to the honeycomb core. If the 
resin content is more than 50 wt%, resin run-off Is likely 

25 to occur at the fime of prepreg production and at the 
time of fabrication, and the weight of the composites is 
increased to diminish the advantage of light weight An 
especially preferable resin content range is 35 to 45 
wt%. 

30 [0037] In the present invention, [B] is a thermosetting 
resin or a thermosetting resin composition. The thermo- 
setting resin is not especially limited as for as it Is a resin 
whfch can be cured liy an outskJe energy such as heat, 
light or electron beam, to fonti at least partially a three- 

35 dimensfonal crosslinked molecular structure . Prefera- 
bie thermosetting resins include epoxy resins, phenol 
resins, vinyl ester resins, unsaturated polyester resins, 
^anate resins, maleinvde resins, polyimide resins, eto. 
0)038] As the thennosetting resin, an epoxy resin can 

40 be preferably used. Especially an epoxy resin with an 
amine, phenol or compound with cart>on-carbon dout>le 
bond as a precursor is preferable. 
[0039] Glyadylamine type epoxy resins with an amine 
as a precursor include tetmglyckjyldiaminodiphenyl- 

45 methane. triglycidyH^anninophenol and various iso- 
mers of tris^dylaminocre&ol. Tetraglycidyl- 
diamlnodiphenylmethane is prefenable as a resin for a 
composite material destined to be a stmctual material 
of aircraft since it Is excellent In heat resistance. 

so [0040] Qyddyl ether type epoxy resins with a phenol 
as a precursor are also preferable They include bi^he- 
nol A type epoxy resins, bisphend F type epoxy resins, 
bisphenol S type epoxy resins, phenol novolak type 
epoxy resins, aesol novolak type epoxy resins and 

6 resordnol type epoxy resins. Among them, a glyckfyl 
etiier type epoxy resin of 400 or more in epoxy equiva- 
lent can be preferably used, since the self adhesiveness 
of the skin panels fabricated by cuing the prepr^ to the 
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honeycomb core can be enhanced. 
[0041] A liquid bisphenol A type epoxy resin, bisphe- 
nol F type epoxy resin or resordnol type epoxy resin can 
be preferably added to another epoxy resin and addi- 
tives since it has a low viscosity. s 
[0042] A solid bisphenol A type epoxy resin gives a 
structure lower in crosslinking density than a liquid 
bisphenol A type epoxy resin, and hence lowers heat 
resistance. However, since it gives a structure with 
higher toughness, it can be preferably added. It is espe- io 
daily effective lor Infiproving the self adhesiveness of the 
skin panels to the honeycontb core and for Inhibiting the 
temporally caused change in the tackiness of the pre- 
preg. It also preferaljly enhances the resin viscosity to 
secure the surface resin in the panels, thereby improv- is 
ing the surface smoothness. 
[0043] An epoxy resin with a naphthalene skeleton is 
preferable since it can provide a cured resin with a low 
water absorption coefficient and high heat resistance. 
Furthermore, a biphenyf type epoxy resin. dicyck)penta- 20 
diene type epoxy resin or diphenytfluorene type epoxy 
resin can also be suitably used to provide a cured resin 
with a low water atisorption coefficient. An urethane 
modified epoxy resin or isocyanate modified epoxy resin 
is preferable since it can provide a cured resin with high 25 
fracture toughness and high elongation. 
[0044] These epoxy resins can be used alone or in 
any proper combination. It is preferat3te for letting the 
resin composition have both f towability and heat resist- 
ance after curing to use at least a blfunctional epoxy 30 
resin and tri- or higher-functional epoxy resin together. 
Espedaily a combination of a glyddylamine type epoxy 
resin and a glycidyl ether type epoxy resin is preferable 
since all of heat resistance, water resistance and proc- 
essabllhy can be satisfactory. Furthermore, using at ss 
least one epoxy resin liquid at room temperature and 
one epoxy resin solid at room temperature together is 
preferable to let the prepreg have proper tackiness and 
drapability. A phenol novolak type epoxy resin or aesol 
novotak type epoxy resin is preferable to provide a resin 40 
with high heat resistance and water resistance since it 
has Ngh heat resistance and high water absorpfion 
ooeffidenL It can be added to adjust the tackiness and 
drapability of the prepreg while enhandng heat resist- 
ance and water resistance. 45 
[0045] The curing agent used for an epoxy resin can 
be any compound having an active group capable of 
reacting with an epoxy group. Compounds which can be 
preferably suitably used here include those having an 
amino groupi add anhydride group or azide group. They so 
Indude, for example, dicyanediamide. diaminodiphenyl- 
methane and various isomers of diamlnodiphenylsut- 
tone. aminot)en2oates, various add anhydrides, phenol 
ncvolak resin, aesol novolak resin, polyphenol com- 
pounds, imidazole derivatives, aliphatic amines, tetram- ss 
ethylguanidine, thkxjrea added amines, caitxscyfic 
anhydridea audi as methythexahydrophthalic anhy- 
dride, carboxylic add hydrazides. cartxscylic add 


amides, polymercaptan. Lewis add complexes such as 
bor n tnf luoride ett^ylamine complex, etc. If an aromatic 
diamine is used as a curing agent a cured epoxy resin 
witti good heat resistance can be obtained. Especially 
any of various isomers of diaminodipheriylsutfone is 
most suitable for obtaining a cured resin witti good heat 
resistance. It is preferable tfiatthe amount of it added is 
an equivalent stoichkxnetrically. As ttie case may t>e, if 
it is used by about 0.7 to 0.6 in equivalent ratio, a resin 
with a high elastic modulus can t>e preferably obtained. 
Any one or more in combination of these curing agents 
can be used. A combination of dk:yanediamide and a 
urea compound such as 3.4-dichk)rophenyl-1 .1 -dimeth- 
yl urea, or an imidazole alone can be preferalsly used as 
a curing agent since high heat resistance and water 
resistance can be obtained by curing at a relatively low 
temperature. The use of an add anhydride for curing is 
preferat^le. since the cured restn obtained can be k>wer 
in water absorptkm coefficient than that obtained by 
using an amine conpound as a curing agent. Further- 
more, the use of a curing agent concealed for example 
as microcapsules is preferable since the storage stabil- 
ity of the prepreg is good, particularly since the tacki- 
ness and drapatxtity of the prepreg are less likely to 
change even if ttie resin is allowed to stand at room tem- 
perature. 

[0046] A preliminary readion produd of some or all of 
epoxy resins and a curing agent can also be added to 
the corrposition. This method is effective for adjusting 
ttie viscosity and improving the storage stability. 
[0047] As the thermosetting resin, a phenol resin can 
also be preferably used. A phenol redn has high flame 
retardancy and is preferable for interior materials and 
building materials. Espedaily as an interior material of 
aircmft a honeycomb sandwich panel is preferable 
since it has high strength and high stiffness while being 
light In weight and if a phenol redn is used as the matrix 
resin of the skin panels, the obtained honeycomb sand- 
wich panel can be preferably used since it is excellent in 
flame retardarx;y and low in the likelihood to smoke in 
case of afire. 

[0048] In general, a themK>setting phenol resin is syn- 
thesized by the condensation readbn of a phenol such 
as phenol, cresol. alky^end such as xylenol or halo- 
genated alkylphenol witti some in the t>enzene ring of 
an alkyphenol sutsst'rtuted by hak)gen atoms, and an 
aldehyde such as formaldehyde, acetoakjehyde or fur- 
fural. Thermosetting phend resins can be classified into 
two major types in reference to the catalyst used for 
synttiesis; novolak type phend resins synttiesized using 
an add catalyst and resd type phend resins synthe- 
sized using a basic catalyst In ttie present invention, 
tx>th the types of thenmosetting phenol resins can be 
used. A novolak type phend resin needs an amine 
based curing agent such as hexam^hylenetetramine as 
a catalyst when heated to be cured, but a resol type 
phenol resin can be cured by heating only. If an add cat- 
alyst is added, a resd type phenol redn can be cured at 
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a lower temperHtura An ammonia reset type phenol 
resin and a benzoxazlne type phenol resin are also pref- 
erable A benzoxazine type phenol resin is a resin hav- 
ing oxazine rings synthesized from a phenol, aldehyde 
and amine. Since curing is caused by ring-opening 5 
polymerization, condensed water is not produced, and 
voids are unlikely to t>e formed in the panel. Therefore, 
a high strength composites is likely to be obtained pref- 
erably. If a bisphend is selected as the phenol, a bifunc- 
ttonal resin is produced to achieve a higher crosslinking 10 
density and higher heat resistance preferat)ly. As the 
bisphend used as a raw material, any of various struc- 
tures such as bisphenol A, bisphenol F, btspheno) S. 
biphenyl. dihydnoxybenzophenone and diphenytfkJ- 
orene can be used. Furthermore, a polycyiic phenol 15 
such as naphthol or naphtodiol can also be used as a 
raw material. 

[0049] Most phenol resins are dissolved or dispersed 
in any solvent or water, and a phenol resin with a high 
solid content is preferable in the present invention since 20 
voids are less likely to be formed. Especially a phenol 
resin with a solid content of 70 wt% or more, especially 
80 wt% or more is preferable. 
[0050] As the thermosetting resia a cyanate resin can 
also be preferably used. A cyanate resin is a cyanate of 2s 
a polyhydric phenol such as bisphenol or phenol 
novolak. Since a cyanate resin is higher in heat resist- 
ance and lower in water absorption coefficient than an 
epoxy resin, it can be preferably used when the proper- 
ties in a hygroscopic state at high temperature are so 
important 

[0051] As the thermosetting resin, a maleimide resin 
having two or more maleimide groups on the average in 
the molecule is also preferable since It has good heat 
resistance. 35 
[0052] Furthermore, a polyimide resin or a resin hav- 
ing vinyl groups or allyl groups such as a vinyl ester 
re^n or an unsaturated polyester resin can also be used 
as[B]. 

[0053] Using a thermosetting resin composition which 40 
can be cured into a resin with a glass transition temper- 
ature (Tg) 160**C or higher is preferable since the 
honeycomb sandwich panel can have sufficient heat 
resistance. 

[0054] Moreover, the thermosetting resin can contain 46 
any of various modif iers to improve the viscoelastidty of 
the uncured resin and the stiffness and toughness of the 
cured resin. Specifically one or more additives selected 
from solid mbbers, liquid rubbers, thermoplastic resin 
elastomers, thermoplastic resins, inorganic particles, so 
short fibers, etc. can be preferably used. 
[0055] In general, a solid rut>ber is preferable since it 
can raise the viscosity of the epoxy resin containing the 
rubber in dissolution to a level higher than that achieved 
by the same amount of a liquid rubber, and since the ss 
heat resistance of the composites can be relatively 
retained while the resin composition being formed is 
kept at a modetate viscosity. It also deaeases the 


dqsendenoe of the viscoelastidty function of the resin 
composition ori tempefature, is less likdy to worsen the 
handling convenience even if the wort«ng ambient tem- 
perature in handling th prepreg changes, diminishes 
the temporally caused change in the tackiness of the 
prepreg being alk)wed to stand, arxj improves th sur- 
face smoothness of the skin panels fat^ricated by curing 
the resin. A edid rubber preferabi in view f the com- 
patibility with an epos^ res&i is an acryionitrile-fxjtadi- 
ene random oopdymer. By changing the 
copolymerization ratio of acrylonitrile. the compatibility 
with the epoxy resin can be contrdied. Furthermore, to 
Improve the adhesiveness to an epoxy resin, a solid 
rut)ber with functional groups is more preferat^Ie. The 
functional groups include caftx)xyl groups, amino 
groups, etc. Especially a solid acrylonitrile-butadiene 
rubber containing cartioxyf groups is preferabla Hydro- 
genated nitrile rubber is also preferable since it is excd- 
lent in weather resistance. Marketed solid rutsbens 
indude NIPOL1072. NIPOL1072J. NIPOL1472. 
NIPOL1472HV. NIPOL1042, NIPOL1043. NIPOL 
DN631. N1POL1001, ZETPOL2020. ZETPOL2220, 
ZETPOL3110 (respectively produced by Nippon Zeon 
Co. Ud.). etc. 

[0056] It is preferable for inhibiting the temporally 
caused change in the tad^ness of the prepreg being 
allowed to stand and for improving the surface smooth- 
ness of the skin panels fabricated after curing, that the 
rutDber has functk>nal groups and react with epoxy 
groups while being mixed with an epoxy group, to let the 
reaction product have a larger mdecular weight and to 
form a branched structure. If such preiiminafy reaction 
is positively used, excdient surface smoothness can be 
obtained, and the amount necessary for effectivdy 
inhibiting the temporally caused change in the tackiness 
of the prepreg can be small compared to the case of 
without effecting preliminary reactbn. For example, the 
tackiness of the prepreg and the surface srrxx^thness of 
the fabricated board which can be achieved by adding 7 
wt% of a sdid aibber without preliminary readion can 
be achieved by adding about 3 wt% of a solid rubber if 
the sdid rubber and the epoxy resin are positively 
caused to preliminarily read wKh each other v^th heat- 
ing. The preliminary reactx)n is usually effected by mix- 
ing with heating. Mixing at 70^ or higher for 30 nvnutes 
or more is prefer^e since the improvement of surface 
smoothness and the inhibition of the temporally caused 
change of tackiness can be effectively adileved. More 
preferable is mixing at 70*C or higher for 1 hour or more. 
However, if the preliminary reaction is effected too 
much, it can happen that tfie resin viscosity becomes 
too high disadvantageously for the process necessary 
for forming a film and impregnation into fbers. There- 
fore, more preferable preliminary reaction condition is to 
mix at 70 to BS'C for 1 to 8 hours. In the preliminary 
reaction between a solid rubber and an epoxy resin, it is 
preferable to mix an epoxy resin with a small number of 
functional groups for reaction, and then to mix an epoxy 
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resin with a larger number of functional groups, for 
example, a tetrafunctional epoxy resin, since it is easy 
to control the viscosity txxiying degree. For the same 
reason, ft is preferable that the amount of the tetra- or 
higher-functionai epoxy resin is 60% or less in the epoxy 5 
composition. 

[0057] As the modifier of the thermosetting resin, inor- 
ganic partides are also preferable The compounds 
which can be used as the inorganic particles include 
talc, aluminum silicate, silica, calcium cartx)nate, mica. 10 
montmorillonite, smectites, carbon blacK silicon car- 
bide, alumina hydiate, etc. These inorganic particles 
are highly effective for rheology control. i.e., viscosity 
Ixxiying and thixotropy manifestalion. Among them, fine 
silica particles are known to be highly effective for man- is 
ifesting thixotropy if they are added to a resin composi- 
tions. In addition, they can deaease the dependence of 
the viscoelasticity function of a resin composition on 
temperature and prevent the worsening in the handling 
convenience even if the worlong ambient temperature in so 
handling the prepreg changes. They also decrease the 
temporally caused change in the tackiness of the pre- 
preg being allowed to stand and improve the surface 
smoothness of the skin panels obtained by curing, giv- 
ing an excellent effect to the self adhesiveness to the £S 
honeycomb core preferably. 
[0058] Fine silica particles with silicon dioxide as the 
basic skeleton with an average primary particle size of 5 
to 40 nm. for example, are marketed with a trade name 
of Aerosil (produced by Japan Aerosil K.K.). A primary so 
particle size of 40 nm or less is preferatsle since a suffi- 
cient viscosity IxxJying effect can be obtained. The par- 
ticle size is evaluated using an electron miaoscope. It is 
preferatsle that the specific surface area is 50 to 400 
m^/g. Silica particles covered with silanoi groups on the ss 
surfaces are generally used, but it Is preferable to use 
hydrophobic fine silica particles in which the hydrogen 
atoms of silanoi groups are substituted by methyl 
groups, octyl groups or dimethylsik>xane groups, etc. 
because of resin viscosity bodying effect, stabilization of 40 
tNxotropy. and higher physical properties such as water 
resistance and compressive strength of the composites. 
[0059] If a sofid rubber is used as the mocfifier. it is 
preferable that the amount of it added is 1 to 10 wt% 
based on tlie weight of the entire resin composition. If 4S 
the amount is less than 1 wt%. the tackiness of the pre- 
preg is poor, and pits and resin blurs are likely to be 
caused on the surfaces of the skin panels of the honey- 
comb sandwich panel. On the other harKt if more than 
10 wt%, the resin viscosity is so high as to make the so 
impregnation into the prepreg difficult A more prefera- 
ble range is 2 to 6 wt%, and a further more preferable 
range is 2 to 4 wt%. 

[0060] If inorganic partk:Ies are added as the nxxiifier. 
it is preferable that the amount of them added is 0.8 to 8 65 
wt% based on the weight of the entire resin composi- 
tk>n. If the amount is less than 0.8 wt%, pits and resin 
tAurs are likely to be caused on the surfaces of the sldn 


panels of the honeycomb sandwfch panel, and if more 
than 8 wt%, the resin viscosity is so high as to make the 
inpregnation into the prepreg difficult A more prefera- 
ble range is 0.8 to 5 wt%, and a further more preferable 
range is 1 to 3 wt%. Either a solid rubber r inorganic 
partkrfes can be used, but it is preferable to use both, for 
decreasing the pits on the surfaces f the sWn panels, 
improving the tackiness of the prepreg. inhibiting the 
temporally caused change of tackiness and retaining 
the heat resistance of the oonposites. In this case, the 
most preferable amounts of them added are 2 to 4 wt% 
of a solid rubber and 1 to 3 wt% of inorgartic particles. 
[006 1 ] It is also preferable to add a thermoplastic elas- 
tomer as the modifier. Especially a polyester t>ased 
thermoplastic elastomer or polyamide based thermo- 
plastic elastomer can be preferably added. An epoxy 
resin composition contairvng a polyester based thenno- 
plastic elastomer or polyamide based thermoplastic 
elastomer has a low viscosity while showing excellent 
tackiness, being excellent also in drapability and 
impregnation into the reinforcing fibers. Compared to 
the case of without using such a thermoplastic elas- 
tomer, the dependence of the viscoelasticity function of 
the resin on temperature, especially the change at near 
room temperature is small, and hence the dependerKe 
of prepreg handfing convenience on tenperature is 
small preferably. Therefore, the prepreg obtained by 
using such a resin composition can manifest excellent 
properties such as tackiness, drapability and grade. To 
achieve ttie effects, it is preferable to add 1 to 20 parts 
by weight of a polyester teased elastomer or polyamide 
based elastomer per 100 parts by weight of the themio- 
setting resin. It is preferable that the melting point of the 
polyester based thernxsplastic elastomer or polyamide 
based thermoplastic elastomer Is 100^ or higher, since 
the heat resistance of the thermosetting resin €X)mpo6l- 
tion after curing is affected. More preferable is 140*C or 
higher. 

[0062] Furtfiemiore. for obtaining a composite mate- 
rial with excellent mechanical properties while the ther- 
mosetting resin composition containing a polyester 
based tiiermoplastic elastomer or polyamide based 
thennoplastic elastomer keeps excellent taddness. it is 
effective to add a thermoplastic resin thermodynaml- 
cally dissolvable in tiie Ihennosetting resin, particularty 
a thermoplastic resin having hydrogen bondable func- 
tional groups. The reason is estimated to bo that the 
adhesiveness between the matrix resin and the reinlbro- 
ing f ftiers is inproved. 

(0063] Adding a tiienmoplastic resin as the modifier is 
preferable since tiie decline of elastic modulus and heat 
resistance is small compared to the case of adding a 
rubber or elastom^. Adding a thermoplastic resin solu- 
ble in an uncured ttienmosetting resin is preferable to 
adding ttiermoptastic resin particles insdukrfe at the 
time of resin preparation or at the time of fabrication, 
since tiie effect of improving tackiness is larga Spe- 
cially in the combination of a thermosetting resin and a 
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^ thermoplastic resin, it is more preferable to select a 
' therrrxiplastic resin capable of forming a micrcphase 
separated structur in the step of cunng after having 
been dissolved, since the effect of improving toughness 
is large. The thermoplastic resins which can be added 5 
here include polyvinyl formal, polyvinyl butyral. polyvinyl 
alcohol, polyvinyl pyrrolidone. polyethylene oxide, 
polymethyl methacryiate. polyaCTylamide. nylon copoly- 
mers, dimeric acid based polyamides. etc. In view of 
less decline of heat resistance and elastic modulus and 10 
higher toughness improving effect, it is preferable to add 
a thermoplastic resin belonging to engineering plastics 
such as a polysulfone. polyether sulfone. polyether 
imide or polyamide. It is also preferable in view of higher 
toughness and environment resistance of the cured is 
resin that the thermoplastic resin is reactive with the 
thermosetting resin. Especially preferable functional 
groups, include catboxyi groups, amino groups, hydroxyl 
groups, etc. 

[0064] The thermosetting resin composition of the 20 
present Invention can contain additives other than the 
above additives such as a high polymer other than the 
above, reactive diluent, chain extender and antioxidant. 
[0065] The high polymer can be any of various high 
polymers soluble in the epoxy resin for various pur- 2s 
poses. Specifically, a reactive sincone as stated in Euro- 
pean Patent No. 475611 (corresponding to Japanese 
Patent l-aid-Open (Kbkai) No. 6-93103) is preferable 
since it can improve the toughness and ductility of the 
cured resin and is effective for acfusting the f lowability of 30 
the uncured resin. 

[0066] AsthereacfaVedtluent a monofunctional epoxy 
compound can be preferably used. The monofunctional 
epoxy compounds which can be used here Include 
butylglyddy! ether, 2-etfiyl hexylglyddyl eth er, phenylgly- 35 
cidyl ether, cresylglycidyl ether, p-sec-butylglyddyl 
ether, p-tert-txity1glyddyf ether, etc, 
[0067] As the chain extender, a tMsphenol can be pref- 
erably used. The bisphenols which can be used here 
include bisphenol A. bisphenol S. fluorene bisphenol. 40 
eta tf a chain extender is used, a prepreg for a honey- 
comb sandwich panel more excellent in self adhesive- 
ness can be obtained. 

[0068] The antioxidants which can be preferably used 
here include phenol based antioxidants such as 2.6-di- 45 
tert-butyl-p-aesol (BHT), butylated hydroxyanisole and 
tocopherol and sulfur based antioxidants such as dilau- 
ryi-3.3*-thiodipropionate and distearyl-3.3*-thiocfipropl- 
onate. 

[0069] As the thermosetting resin composition of the so 
present inventioa a thermosetting resin composition of 
1.0 MPa-m^'^ or more in the fracture toughness K,c 
after curing measured based on ASTM D 5045-91 is 
espedally preferable 

[0070] tfathemiosetlingresinconpositionwithafrac- 65 
ture toughness K|c of 1.0 MPa • m'"^ a more after cur- 
ing Is used, the propagation of fracture under peeling 
stress for evaluating the self adhesiveness of the honey- 


comb sandwich panel as the cured cornposites is InWb- 
ited. a high peeling strength is manifested in the 
climbing drum peel test (Nomex Honeycomb SAH1/8- 
8.0 is used, and two sheets of a cartx)n ftoer reinforced 
prepreg with an areal unit weight of 190 gftr? and a 
resin content of 44% ar laminated symmetrically on 
both sides of the honeycomb core (±45*)/(±45«)). A fiac- 
ture toughness K|c of 1 .2 MPa • m'"^ or more is prefera- 
ble for obtaining a high dinMig drum peel strength, and 
more preferable is a fracture toughness Kjc of 1.5 
MPa -m^ or more. 

[0071 ] A thermosetting resin composition with a frac- 
ture toughness K|c of 1 .0 MPa • m^'^ ^^^^ gf^^ (xh- 
ing in the present invention can t>e obtained, for 
example, as described below. 
[0072] It is preferable to use a resin large in the molec- 
ular weight tjetween functional groups acting as 
crosslinking points, or to add a molecular chain 
extender for lowering the aossfinWng density, or to add 
an additive selected from solid mbbers. liquid rubbers, 
thermoplastic elastomers and thermoplastic resins to 
the composition. Espedally for both heat resistance and 
toughness improving effect it is preferable to add a ther- 
moplastic resin. In this case, it is preferable to select a 
thermoplastic resin which can form a microphase sepa- 
rated structure in the step of curing, since the effect of 
improving toughness is large. It is preferaljle that the 
size of each domain in the phase separated strudure 
(spadng in the phase separated structure in which both 
phases are continuous) is 10 pm or less, for obtaining a 
composite material containing reinfordng fbers at a 
high concentration. For higher toughness improving 
effect. 1,0 fim or more is preferaWa 
[0073] The theonoplastic redns which can be added 
here include polyvinyl formal, polyvinyl txityral. polyvinyl 
alcohol, po^nyl pyrrolidone. polyethylene oxide, 
polymethyl methacryiate, polyacrylamide. nylon copoly- 
mers, dimeric add based pdyamides. etc. Especially in 
view of less dedine of heat resistance and elastic mod- 
ulus and higher toughness improving effect, it is prefer- 
able to add a themioplastic resin belonging to 
engineering plastics such as a polysulfone. polyether 
sulfone. polyether imide or polyamide. Furthermore, for 
higher toughness and for retaining the environment 
resistance of the cured resin, it is preferable that the 
themioplastic resin is reactive with the thermosetting 
resin. Especially preferable functional groups indude 
carisoxyl groups, amino groips. hydroxyl groups, etc. 
[0074] It is preferable that the number average molec- 
ular weight of the thermoplastic resin used as the mod- 
ifier is 10,000 or more, since a high toughness 
improving effect can be achieved by adding a smaller 
amount However, even if the thennoplastic re^n is in 
an oligomer range of 4.000 to 10.000 in number aver- 
age molecular weight it can be added by a large 
amount since the viscosity rise caused by adding the 
thennoplastic resin oGgomer is small compared to that 
achieved by adding the corresponding polymer, and the 
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"toughness improving effect may be higher preferably as 
the case may be. Especially in the case of an ofigomer 
with an engineering plastic structure with high heat 
resistance, even if ft is added a large amount the 
heat resistance of the entire resin is not knpaired. 8ol. 5 
the molecular weight can also be in an oligomer range, 
and espedally when the oligomer has reactive ends, an 
excellent toughness improving effect is likely to be 
obtained. 

[0075] [C] is fine particles of a resia If fine resin parti- 10 
des [C] are mixed and dispersed in the prepreg 
obtained by combining a matrix resin mainly composed 
of a thermosetting resin used as [B] and a woven fabric 
as reinforcing fbens [A], the direct adhesive strength 
between the skin panels arKl the honeycomb core is 
achieved by sticking together and co-curing the prepreg 
and the honeycomb core is greatly improved. Further- 
more, the fine resin particles [C] mixed and dispensed 
have unexpectedly such effects as inhilMting the tempo- 
rally caused change in the taclaness of the prepreg, 20 
improving the surface smoothness of the fabricated skin 
panels and decreasing the inside porosity. 
[0076] These effects are espedally remarkable when 
the woven fabnc prepreg has a cover factor of 95% or 
more. 25 
[0077] The existence of fine resin partides [C] and a 
high cover factor inhibit the sinking of the re^n inskie 
the fibers and contributes to retaining the tackiness of 
the prepreg and to improving the surface smoothness of 
the skin panels. 30 
[0078] The resin as the material of the fine resin par- 
tides [C] is preferably a thermoplastic resin having 
bonds selected from cart>on-cart3on bonds, amide 
tx)nds, imide bonds, ester bonds, ether bonds, cartx>n- 
ate bonds, urethane bonds, thioether bonds, sulfbne 3S 
bonds and caitsonyl bonds in the main chain, and can 
also have a aosslinked strudure partially, it can be 
either crystalline or amorphous. Espedally pdyamides. 
polycaitx>nales. polyacetal. polyphenylene oxide, 
polyphenylene sutfide. polyarylates, polyethers. polyes- 40 
ters. polyimkies. poiyamtioimides. poiyether imides. 
pdysulfones. polyurethanes. poiyether sutfdnes. poiy- 
ether ketones, etc. are suitat)Ie as fine resin partides [C] 
since they are excellent in both heat resistance and 
toughness. Anrtong them, polyamides are vnosX prefera- 4S 
ble since they greatly improve the peel strength 
between the honeycomb core and the skin panels. 
Among the polyamides. nylon 12, nylon 11 and nylon 
6/12 copolymer are preferable since they give an espe- 
cially good adhesive strength. so 
[0079] When the material of the f ine resin partides [C] 
is selected, it is preferable that the elastk; modulus of 
the material of the fine resin partides [C] is lower than 
the elastk; modulus of the nnateriai obtained by curing 
ttie thermosetting resin [B], since a higher adhesive 65 
strength can be okstained. it is espedally preferable that 
the bending modulus of elastidty of the material of [C] is 
2/3 or less that of the material obtained by curing [B]. 


More preferable is 1/2 or less. 
[0080] Even if the fine resin partides [C] are homoge- 
neously distributed in the resin of the pr preg, they are 
efffecbVe for inproving the adhesive strength ft}etween 
the skin panels and the honeycomb core. inhSDtting the 
temporally caused change in th tackiness of the pre- 
preg and improving the surface smoothness of the sWn 
panels. However, it is also preferable that they ar cfis- 
tributed at a high concentration near the surfaces of the 
prepreg laminates, i.e., near the surfaces adhesive to 
the honeycomb core after fabrication, since the adhe- 
sive strength can be improved without lowering the stiff- 
ness and heat resistance of the sMn panels. 
Furthermore, it is also preferable to distribute them at a 
high concentration near the surfaces of the skin panels, 
since the surface smoothness can be improved effec- 
tively without lowering the stiffness and heat resistance 
of the skin panels. As for the Ibrm of the partk;les, the 
fine resin partides [C] can be any of spherical partides. 
amoiphous partides. porous particles, fibrous partides 
large in asped ratio, etc. However, almost spherical par- 
tides are especially preferable, since the effed of inhib- 
iting the temporally caused change in the tackiness of 
the prepreg. self adhesiveness and the surface smooth- 
ness of the composites are excellent 
[0081] When the fine resin partk:les [Q] are of a ther- 
moplastk: resia it is preferable that the partide size is 1 
to 50 |im. If the average primary partide size is less 
than 1 nm. the effed of improving the adhesive strength 
between the skin panels and the honeycomb core is 
small, and if more than 50 ^m, the arrangement of rein- 
fordng fibers may be disordered to k>wer the strength or 
to make the impregnation insuffident A more preferable 
partide size range is 1 toSOimi. 
[0082] Fine rubber partides can also be used as the 
fine resin partides [C]. For example, core/^helt type rut>- 
t>er partrcles can be used. They can be produced 
accoiding to the methods disdosed in US Patent No. 
4,419.496. European Patent No. 45,357 and Japanese 
Patent Uid-Open (Kbkai) Na 55-94917. Mar1«ted 
oore^hell type rubber partk^les irKlude. for example. 
Paraloid EXL2655 b^roduced by Kureha Chemical 
Industry Co.. Ud.). TR2122 (produced by Takeda 
Chemk^l Industries. Ltd.). EXL-2611. EXL-3387 (pro- 
duced by Rohm & Haas), etc. Crosslinked rubber parti- 
des are also preferable as the fine resin partides [C]. 
Marketed crosslinked oAjber partides indude XER71 P. 
XER-91P (produced by Nippon Gosei Gomu K.K.), etc. 
It is preferable that the rubber partide size is 5 |im or 
less. More preferable is 1 fim or less. If the partide size 
is larger than 10 pm, the fine partides cannot k>e homo- 
geneously dispersed when the reinfordng fibers are 
impregnated with the matrix resin, arid it becomes diffi- 
cult to obtain the toughness improving effect If the par- 
tide size is 1 |im or less, the fiber orientation is not 
disturbed even when the composKe has a high reinforc- 
ing fiber content of 50 vol% or more, and the effect of 
improving tiie peel strength is remarkable preferably. 
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[0083] It is preferable that the content of the fine resin 
partides [C] is 2 to 1S% based n the cured resin con- 
sisting of [B| and [C]. If the content is less than 2%, the 
effect of improving the adhesive strength between the 

skin panels and the honeycontb core is poor, and if 5 
more than 15%, the strength of the honeycomb sand- 
wich panel may decline or the resin impregnation may 
become insufficient 

[0084] It is preferable for improving the self adhesive- 
ness that the fine resin particles [C] have functional 10 
groups capable of reacting with the thermosetting resin 
[B]. Preferable functional groups include epoxy groups, 
cartX3xyf groups, hydroxyl groups, etc. 
[0085] The form, size and distribution of the fine resin 
partides [C] are evaluated by observation with a micro- 15 
scope. An optical microscope can also be used, but a 
scanning electron microscope is preferable since obser- 
vation at a high magnification can be effected. A prefer- 
able method for observing the form and size of partides 
is to dissolve the matrix resin in the prepreg into a 20 
proper solvent without solving the particles only, to 
secure them by filtration, and then to observe them by a 
microscope. Therefore, the solvent used depends on 
the fine resin particles and the matrix resin used. It can 
be considered to use a chlorine based solvent such as 2s 
methylene chloride or a solvent such as acetone or 
met^ ethyl ketone. The content of fine particles can be 
calculated from the weight of the fine particles secured 
by filtration, the weight of the original prepreg and the 
weight of the reinforcing fibers remaining undissolved, so 
For evaluating the distritxition of fine particles existing in 
the prepreg. it is preferable to cure the prepreg giBdu- 
ally from a low temperature taldng about 3 weete to 1 
month while keeping the resin in the prepreg immobi- 
lized, and then to oteen/e a ground surface. For clarify- 35 
ing the distribution of the material, it is preferable to dye 
with osmium tetroxide or phosphorus wolframate. etc. 
before observation, for establishing a contrast 
[0086] The prepreg can be produced by the wet 
method of dissolving a matrix resin into a solvent for 40 
lowering the viscosity for impregnation or the hot melt 
method (dry method) of heatmg the resin for lowering 
the viscosity for impregnation, etc. In the hot melt 
method, a film obtained by coating releasing paper, etc. 
with an epoxy resin composition is overlaid on one or 45 
both sides of reinforcing f itters, and heating and press- 
ing them for resin impregnation, to produce a prepreg. 
This method is easy to control the resin content and the 
prepreg thickness^ allows a prepreg with a high cover 
factor to be easily obtained by selecting the pressure so 
and temperature at the time of resin impregnation, and 
can prcrvide a prepreg little changing in tadoness %vith 
the lapse of time, being afcrie to improve the surface 
smoothness of the fabricated board. 
[0087] p] is a honeycomb core As the honeycomb fis 
core, a Nomex honeycomb core made of aramid paper 
impregnated with a phenol resin is especiaOy preferable 
since a light weight high strength stmcture can be fabri- 
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cated The cell size generally used Is 3 to 19 mm. Fur- 
thermore, an aluminum honeycomb core, glass fiber 
reinforced plastic (GFRP) honeycomb core, graphite 
honeycomb core, paper honeycomb core. etc. can also 
t>e used. 

[0088] A honeycomb sandwich panel is produced by 
laminating several sheets of a prepreg consisting of 
reinfordng fibers and a matrix resin on both sides of a 
honeycomt), and curing the resin in the prepreg, for 
bonding to the honeyconri) core. 
[0089] The honeycon* sandwich panel can be fabri- 
cated by vacuum bag forming, autodave forming using 
a vacuum bag, press forming, etc. To obtain a high per- 
formance honeycomb sandwich panel, autodave film- 
ing is espedally preferable. On the other hand, to obtain 
high grade suiface smoothness at shorter fabrication 
cydes. press fonming is more preferable. Espedally 
when a phend resin is used as the matrix resin, press 
forming is mostiy used. 

[0090] The self adhesiveness of the skin panels to tiie 
honeycomb core of a honeycomb sandwich panel was 
evaluated using the dimbing drum peel strength (CDP). 
The lamination composition of a woven fabric prepreg 
was a two-ply symmetrical laminate of (±45'*)/(±45*') on 
Mh sides of the honeycomb oora When an epoxy resin 
was used as the matrix resin, the prepreg was cured by 
heating to 180^0 at 1.S**C/min and keeping at the same 
temperature for 2 hours in an autodave. In this case, at 
first, the laminate on an aluminum tool board was cov- 
ered with a nylon t>ag. and they were supplied into an 
autodave with the inside of the bag kept in vacuum. 
Then, a pressure of up to 1 .5 kQfcxr? was applied, when 
the vacuum In the bag was returned to atmospheric 
pressure, and the pressure was raised to 3 kg/cnf . for 
subsequent heating. When a phenol resin was used as 
the tmXrix resin, press forming was effected at 1 40®C for 
10 minutes at a pressure of 17 kg/cm^. 
[0091 ] Methods for measuring physical properties arxi 
methods for evaluating effects in the present invention 
were as descrilsed below. 

[Cover factor] 

[0092] At first, a stereoscopic nucroscope. for exam- 
pie, stereoscopic microscope Sr^-10-1 produced by 
Nikon Corp. is used to photograph the surface of a 
woven fabric prepreg while light is applied trom the back 
skleof the prepreg. Asa result, atransmttted light pat- 
tern of the woven fabric black in weaving yam portkxis 
and white in mesh portions is photographed. The quan- 
tity of light is set vintNn a range not causing any halation. 
The photo obtained is photographed by a CCD (change 
coupled devk^e) camera, and the image is converted 
into digital data expressing black and white. The digital 
data are staed in a menx>ry and analyzed by an image 
processor, to cateulate the cover factor (CQ from the fol- 
kiwingfbrnuja In reference to the entire area A1 and the 
area S2 of white portions (mesh portions). 
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Cf = ((S1 -S2)/S1]x100 

In the present invention, as the CCD camera and the 
image processor, Personal Image Analysts System LA- 
525 produced by K.K. Pias was used. The digital data s 
inclixle intermediate portions of black and white at the 
borders between weaving yarn portions (black portions) 
and mesh portions (white portions). The threshold value 
Ibr identifying tiie intermediate portions as weaving yarn 
portions and mesh portions must be set As a model for io 
it. a lattice with a real cover factor of 7S% (6 mm wide 
black tapes were stuck lengthwise and crosswise onto 
transparent paper, to achieve a cover factor of 75%), 
and standardization was effected to recognize the 
model accurately as a cover factor of 75%. is 

[Strand tensile strength] 

[0093] Measured based on JIS R 7601 . 

so 

[Elastic modulus in tension E] 

[0094] Measured based on JIS R 7601. 

[Breaking strain energy] 25 

[0095] The tensile strength (a: kgf/mm^) and elastic 
modulus E measured according to JIS R 7601 are used 
to calculate from the following formula: W s <7^/2E . 

30 

[Hook drop value] 

[0096] A caitxsn fiber bundle is suspended vertically at 
23'C and 60% humidity, and an about 100 mm Idng 
stainless steel wire having a diameter of 1 mm bent at 35 
top and bottom by 20 to 30 mm and having a weight of 
1 2 g at the bottom is hooked at the top into the i^ber bun- 
dle. Thirty minutes later, the weight drop distance is 
measured. 

40 

[Fracture toughness K|c of thermosetting resin conpo- 
sition after curing] 

[0097] Measured based on ASTM D 5045-91 . A 6 mm 
thick cured resin is prepared as a spedmen. and the 45 
value is obtained by measuring aooorcfing to the 
notched three-point bending metiiod. 

[Tackiness of prepreg] For evaluating the tackiness of a 
prepreg, sheets of the prepreg are bonded to each other so 
by pressure, and the peefing force is measured. This 
measuring method depends on such parameters as 
load stress, speed, time, temperature and humidity For 
evaluating the tackiness in the examples of the present 
invention. "Instron" 4201 Universal Testing Machine ss 
(produced by Instron Japan K.K.) was used as tiie 


measuring instrument, and measurement was effected 
under the IblkMnng conditions: 

[0098] 

• Sample: 50x50 mm 
Load speed: 1 mmMn. 

• Bonding toad: 0.12 MPsa 

• Loading time: 5 ± 2 Sec. 

• Peeling speed: 1 0 mm/min. 
Environment: 25^*0 and 50% relative humidity 

[Porosity in sWn panel] 

[0099] The porosity in tiie sWn panels of a honeycomb 
sandwteh panel is determined according to the area 
metiiod. On the upper surface of a honeycomb core, a 
woven fabric prepreg is laminated in 
(±45")/(0*»/90'')/{0'»/90«)/(0'/90T to call from top. and on 
the under surface of the honeycomb core, the woven 
fabric prepreg is laminated in (0*'/90^/(0^/90*)/(±45'»). A 
section of the sandwich panel in which the prepreg is 
directiy tx)nded on the honeycomb core and cured is 
photographed at a magnification of 25 times using a 
microscope, and an about 26 cm tong and about 19 cm 
wide piece of the honeycomb sandwich panel is 
otrtained by cutting in the transverse direction. The 
value obtained by dividing the porosity area in the bot- 
tom skin panel section by the sectional area of a sWn 
panel is obtained as an indicator. In this case, a 25.4 
mm lengtii range witii tiie largest porosity in all tiie field 
observed In tiie section is selected to calculate tfie 
porosity area. 

(Suriace smootiiness of skin panel] 

[01 00] The surface smoothness of the skin panels of 
a honeycomb sandwich panel produced according to 
tiie foltowing metiiod is evaluated using a suriace 
roughness tester. 

fOI 01 1 At first a prepreg is laminated on botti sides of 
a honeycomb core to have two plies of (±45*')/(±45*) on 
each side symmetrically. The laminate consisting of the 
honeycomb core and tfie prepreg is placed on an alumi- 
num board with a fluorine resin f H m laid on it and fabri- 
cated. The suriace roughness of the tool boand skje of 
tiie honeycomb sandwich panel is detemtined by sur- 
face roughness tester Surftest 301 produced by Mitsu- 
toyo tCK. With a length of 8 mm identified by a prcbe, 
the difference between the average height of the five 
highest points selected and the average height of the 
five towest points selected is obtained. This is effected 
five times, and the average value is obtained. 

[Combing Drum Peel Test] 

[0102] According to ASTM D 1731. 

[01 03] As the honeycomb core used for these tests. 
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Nomex Honeycomb SAHl/8-8.0 (SAH1/&-8.0. 12.7 mm 
thIcK produced by Showa Aircraft Industry Co., Ud.) 
was used in the case of epoxy resin matrix, and Nonnex 
Honeycomb SAH1/M.0 {SAH1/8-3,0, 12.7 mm thick, 
produced by Showa Aircraft Industry Ca. Ud.) was 5 
used in the case of phenol resin matrix. 
[0104] The present invention is described below in 
detail in reference to examples. 

Example 1 10 

(01 05] Forty five parts by weight of bisphenof A type 
liquid epoxy (Ep828 produced tiy VbKa Shell Epoxy 
K.K.). 25 parts by weight of cresol novolak type solid 
epoxy (ESCN220 produced by Sumitomo Chemical is 
Co,, Ltd.). 4 parts by weight of cartwxyl group-contain- 
ing solid acrylonitrile butadiene rut>ber (N1POL1072 
produced by Nippon Zeon Co.. Ud.) and 16 parts by 
weight of fine nylon 12 particles (SP-500. average parti- 
cle size 5 fun, produced by Toray Industries. Inc.) were 20 
kneaded by a kneader. Furthermore. 30 parts by weight 
of tetraglycidyldiaminodiphenylmettiane (ELM434 pro- 
duced by Sumitomo Chemical Co.. Ltd.) and 3 parts l>y 
weight of fine silica partides treated on the surfaces by 
trimethylsiiyi groups (Aerosil R812 produced by 2s 
Degusa) were added, and the mixture was kneaded. To 
the mixture. 38 parts t^y weight of 4.4'-€liarranodiphenyl- 
suKone were added as a curing agent, and the mixture 
was stirred at 60*C for 30 minutes, to prepare an epoxy 
resin composition. It was cured, and the fracture tough- 30 
ness was measured and found to be 1 .5 MPa • m^'^ The 
Tg of the cured resin was 214*C. For reference, the 
same resin except that no fine nylon 12 particles were 
contained was prepared and cured, and the elastic 
modulus was measured and found to be 3450 MPa. The 35 
elastic modulus of nyk>n 12 was 1080 MPa 
[0106] Releasing paper was coated with the resin 
composition, to prepare a resin film with an areal unit 
resin weight of 66 gW. The resin film was set in a pre- 
preg machine, and a caitx^n fiber plain weave (areal unit 40 
weight 190 gMi^ yam thickness 0.11. yarn width/yarn 
thickness ratio 70.2) formed by cartxxi fibers T700SC- 
12K (12000 filaments. 7200 deniers) produced by Toray 
Industries, Inc. with a strand tensile strength of 4.9 GPa, 
an elastic modulus in tension of 230 GPa, tensile elon- 4s 
gation at break of 2.1% and a hook drop value of 170 
mm was impregnated with the resin from both sides, to 
obtain a prepreg. In this case, the impregnation temper- 
ature was 100^. The cover factor of the prepared pre- 
preg was 99.2%. Before laminatkm and fakxication, the so 
tackiness cf the prepreg was measured and found to be 
0.15 MPa. The same prepreg was allowed to stand at 
25*^0 and 50% relative humidity for 10 days, and the 
tackiness was 0.12 MPa. showing littie temporally 
caused change. The drapatxlity of the prepreg was also ss 
good. 

10107] A laminate consisting of a honeycomb core and 
the prepreg was placed on an aluminum board with a 


fluorine resin film laW on ft. and packed in vacuum by a 
nylon film, being fabricated In an autodave. Between 
the prepreg and the honeycomb core, no adhesive film 
was placed, and the prepreg was cured t b directly 
bonded to the honeycomb core. The climbing daim peel 
test of the obtained honeycomb sandwich panel was 
perfonmed according to ASTM D 1781. and the peel 
slrengtii was 15.4 bs • inches/3-inch width. 
[01 08] To obtain ttie porosity In tiie bottom skin panel, 
aaoss section of tiie sandwich panel was poTished tsy 
sand paper and alumina powder, and photographed 
using an optical microscope. From tiie photo, the poros- 
ity was found to be as small as 0.04%. Furthermore, the 
surface roughness on ttie tool side of the honeycomb 
sandwich panel was measured and found to be as 
excellent as 3.8 pm. The panel was dyed witti osmium 
tetroxide. and a reflected etecbxm image by a scanning 
electron mk:rosoope was obsen^. It could be con- 
firmed that many spherical fine nyfon particles were uni- 
fonnly distributed In tiie resin rich portion of the skin 
panel. 

Conparativa Exanple 1 

[0109] A resin compositidn was prepared as 
described for Example 1. except that fine nylon 12 par> 
tides were not added. The resin was cured and tiie frac- 
ture toughness was measured and found to be 0.7 
MPa-m^^. Then, as described for Example 1. a pre- 
preg was otrtained. The cover factor of the prepreg was 
99.4%. The tackiness of the prepreg was measured and 
found to be 0.14 MPa The tackiness of tiie same pre- 
preg whteh was allowed to stand at 25**C and 50% rela- 
tive humidity for 10 days was 0.07 MPa. showing a large 
temporally caused changa A honeycomb sandwteh 
panel was obtained as descrflsed for Example 1 and 
subjected to the climbing drum peel test, axxi the peel 
strength was 9.8 bs • inches/3-inch wkJtti. The porosity 
in the bottom skin panel was 0.21%, and the surface 
roughness was 15.4 |im. 

Compaiative Example 2 

[01 1 0] A prepreg was obtained using tiie same resin 
composition as used in Example 1 as described for 
Example 1, except that the impregnation time at the 
time of prepreg preparation was SO^C. The cover factor 
of tiie prepreg was 94.4%. The tackiness of tiie prepreg 
was measured and found to t)e 0.15 MPa The tackiness 
of the same prepreg which was altowed to stand at 25H) 
and 50% relative humidity for 10 hours was 0.08 MPa, 
showing a large temporally caused change. A honey- 
comb sandwich panel was obtained as desaibed for 
Example 1 and si^ected to a climbing drum peel test, 
and the peel strength was 12.4 bs * inches/3-inch wktth. 
The porosity In tiie bottom skin panel was 0.18%, and 
the surface roughness was 14.9 |im. 
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Example 2 

[01 1 1] Thirty five parts by weight of bisphenol F type 
liquid epoxy (fepc830 produced by Dainjppon Ink & 
Chemicals, Inc.). 35 parts by weight of brominated 5 
bisphenol A type solid epoxy (Epc152 produced by 
Dainippon Ink & Chemicals, inc.). 5 parts by weight of 
carboxyt group-containing solid aaytonitrile txjtadiene 
rubber (NIPOL1472HV produced by Zeon Chemical) 
and 16 parts by weight of fine nylon 11 particles O-30 w 
(average particle size 30 pun, produced by Nippon 
Rilsan K.K.) were kneaded by a kneader. Furthermore, 
30 parts by weight of tetraglyddyldiarr^nodiphenyl- 
methane (ELM434 produced by Sumitomo Chemical 
Co., Ltd.) and 4 parts by weight of fine silica particles is 
treated on the surfaces with dimethylsilicone groups 
(Aerosil RY200 produced by Nippon Aerosil) were 
added to the mixture, and the mixture was kneaded. To 
the mixture. 40 parts ty weight of 4,4'-diaminodiphenyl- 
sulfone were added as a curing agent, and the mixture 20 
was stirred at 60**C for 30 minutes to prepare an epoxy 
resin composition. The resin was cured, and the frac- 
ture toughness was measured and found to be 1.3 
MPa • m^'^. The Tg of the cured resin was 203'C. For 
reference, the resin excluding the fine nylon 1 1 particles 2s 
was cured, and the elastic modulus was measured and 
found to be 3470 MPa. The elastic modulus of nylon 1 1 
was 990 MPa, 

[0112] Releasing paper was coated with the resin 
composition at 70''C. to prepare a resin film with an 30 
areal resin unit weight of 66 g/m^. The resin film was set 
in a prepreg nwchine, and the same cartwn fiber plain 
weave (areal unit weight 190 g/m^) of cartxjn fibers 
T700S-12K produced by Toray Industries, Inc. as used 
in Example 1 was impregnated on both sides with the 3s 
resin, to obtain a prepreg. The impregnation tempera- 
ture in this case was lOO^'C. The cover factor of the pre- 
preg was 97.9%. The tackiness of the prepreg was 
measured and found to be 0.16 MPa. The tackiness of 
the same prepreg which was allowed to stand at 25''C 40 
and 50% relative humidity for 10 days was 0.13 MPa. 
showing a little temporally caused changa The drapa- 
bility of the prepreg was good 
[01 13] A honeycomb sandwich panel was obtained as 
desaibed for Example 1 and subjected to a climbing 45 
drum peel test according to ASTM D 1 781 . and the peel 
strength was 13.4 lbs * inches/3-inch width. 
[0114] The porosity in the bottom sfg'n panel was as 
small as 0.08%. The surface roughness on the tool side 
of the honeycomb sandwich panel was measured and so 
found to be 7.9 |im. The same panel was dyed with 
osmium tetroxide, and a reflected electron image by a 
scanning electron mk^roscope was observed, and it 
coukJ be confirmed that fine amorphous nyfon particles 
were uniformly distraxited In the resin rich portion of the es 
skin panel. 


Examples 

(01 1 5] Forty parts tjy weight of bisphenol A type Ikiiuki 
epoxy (Ep828. epoxy equivalent 189, produced by YOka 
Shell Epoxy K.K.). 30 parts by weight of bisphenol A 
type solid epoxy (EpIOOI. epoxy equivalent 467, pro- 
duced by Yuka Shell Epoxy K.K.). 5 parts by weight of 
cartxxcyl group-containing solid acrylonitrile txjtadiene 
rubber (NIPOL1072 produced by Nippon Zeon Co., 
Ltd.) and 16 parts by weight of fine r^lon 12 partfoles 
(SP-500, average panicle size 5 ^m. produced t)y Toray 
Industries, Inc.) were kneaded by a kneader. To the mix- 
ture, 30 parts by weight of tetraglyddyWiaminodiphenyl- 
methane (ELM434 produced by Sumitonx) Chemical 
Co.. Ltd.) and 6 parts by weight of fine silica particles 
treated on the surfaces with trimethylsilyl groups (Aero- 
sil R81 2 produced by Degusa) were added and the mix- 
ture was kneaded. Furthemiore. 40 parts t>y weight of 
4.4*-diaminodiphenylsulfone were added as a curing 
agent and the mixture was stin-ed at 60*0 for 30 min- 
utes, to prepare an epoxy resin compositfon. The resin 
was cured and the fracture toughness was measured 
and found to be 1.7 MPa^m^^. The Tg of the cured 
resin was 19l''C. For reference, the same resin wittiout 
containing the fine nyfon 12 particles was cured, and 
the elastic modulus was measured and found to be 
3320 MPa. The elastic modulus of nylon 12 was 1080 
MPa. 

10116] Releasing paper was coated with the resin 
composition at es^'C. to prepare a resin film with an 
area! resin unit weight of 66 QfvrP, The resin f flm was set 
in a prepreg machine, and a caitxsn fit^r plain weave 
(areal unit weight 190 gAif) of caitwn fbers T700SC- 
12K produced by Torc^ Industries, Inc. was impreg- 
nated on both sides %vith the resin, to obtain a prepreg. 
in this case, the Impregnation temperature was lOO^C. 
The cover factor of the prepared prepreg was 99.6%. 
The tackiness of the prepreg was measured and found 
to be 0.14 MPa. The tackiness of the same prepreg 
which was alfowed to stand at 25''C and 50% relative 
humidity for 1 0 days was 0. 1 2 MPa. showing a littie tem- 
porally caused change. The drapability of the prepreg 
was good. 

[01 1 7] A honeycomb sandwich panel was obtained as 
described for Example 1 and subjected to a climbing 
drum peel test according to ASTM D 1 781 . and the peel 
strength was 19.1 bs • inche8/3-inch wkfth. 
[01 18] The porosity In the bottom skin panel was as 
small as 0.02%. The surface roughness on the tool skJe 
of the honeycomb sandwich panel was nneasured and 
found to be as excellent as 3.8 \ixn The panel was dyed 
with osmium tetroxkle. and a reflected electron image 
by a scanning electron mforoscope was observed. It 
could be confirmed that many fine spherical nylon parti- 
cles were uniformly distributed in the resin rich portion 
of the skin panel. 
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Exarnpte4 

[0119] A resin composftion was prepared as 
desatoed for Example 3. except that fine nylon 6/12 
copolymer partides Orgasole 3202D (produced by s 
Atokem K.K.) was used instead of fine nylon 12 parti- 
cles SP-500. Orgasole was porous particles with an 
average particle size of 20 pm. Then, as described for 
Example 3. a prepreg and a honeycomb sandwich 
panel were obtained. The cover factor of the prepreg io 
was 99.1%. The tackiness of the prepreg was measured 
and found to be 0.13 MPa. The tackiness of the same 
prepreg which was allowed to stand at 25*C and 50% 
relative humidity for 10 days was 0.1 1 MPa. showing a 
little temporally caused change. The drapability of the is 
prepreg was good. The resin was cured, and the frac- 
ture toughness was measured and found to be 1.5 
MPa • m^'^. The Tg of the cured resin was 190**C. For 
reference, the resin without containing the fine nylon 
6/12 partides was cured, aind the elastic modulus was 20 
measured and found to be 3320 MPa. The elastic mod- 
ulus of nylon 6/12 was 1610 MPa. The honeycomb 
8andwk:h panel was subjected to a dint>ing drum peel 
test, and the peel strength was 18.2 lbs * inches/S-inch 
width. The porosity of the bottom sta'n panel was 0.07%. 2s 
The surface smoothness was measured and found to 
be 6.1 Jim, The panel was dyed with osmium tetroxide, 
and a reflected electron image by a scanning electron 
microscope was observed, and it could be confirmed 
that many very rugged fine nylon partides existed in the 3o 
resin rich portion of the skin panel. 

Examples 

[0120] A resin composition was prepared as ss 
desGrit>ed for Example 3, except that fine nylon 6 parti- 
des Orgasole 1002D (produced by Atokem K.K.) was 
used instead of fine nyfon 12 particles SP-500. 
Orgasole was porous partides with an average partide 
size of 20 |im. Tlien, a prepreg and a honeycomb sand- ^ 
wich were obtained as described for Example 3. The 
cover factor of the prepreg was 99.3% TTie tacMness of 
the prepreg was measured and found to t)e 0.16 MPa. 
The tackiness of the prepreg which was allowed to 
stand at 25''C and 50% relative humidity for 10 days 4S 
was 0.12 MPa, showing a little temporally caused 
change. The drapability of the prepreg was good. The 
resin was cured, and the fracture toughness was meas- 
ured and found to be 1.3 MPa«m^^. The Tg of the 
cured resin was 1 92^0. For reference, the elastic modu- so 
lus of the cured resin without containing any fine nyfon 6 
partides was measured and found to be 3320 MPa. The 
elastic modulus of nylon 6 was 2800 MPa. The honey- 
comb sandwich panel was subjected to a dimbing drum 
peel test and the peel strength was 142 lbs • inches/3- 55 
inch width. The porosity ni the bottom skin panel was 
0.11%. The surface smoothness was measured and 
found to be 8.7 fim. The panel was dyed with osrnum 


tetroxkle. and a reflected electron image b/ a scanruig 
electron microscope was observed. It ooukj be con- 
firmed that many very rugged fine nylon particles 
existed In the resin rfoh portion of the sWn panel. 

Example 6 

[0121] A prepreg was obtained as described for 
Example 1, except that a cartoon fiber plain weave (areal 
unit weight 193 g/m^. yam thickness 0.13 mm. yam 
wklth/yarn thickness ratio 12.1) of cartjon ftoers T300- 
3K (3000 filaments, 1800 deniers) produced by Toray 
Industries, Inc. with a strand tensile strength of 3.53 
GPa, elastic modulus in tension of 230 GPa, tensile 
efongation at break of 1.S% and hook drop value of 160 
mm was used as the cart)on fiber woven fabric. The 
cover fador of the prepreg was 96.4%. The tackiness of 
the prepreg was measured and found to be 0.15 MPa. 
The tackiness of the same prepreg which was allowed 
to stand at 25''C and 50% relative humidity for 10 days 
was 0.10 MPa. The drapability of the prepreg was good. 
[01 22] A honeycomb sandwich panel was obtained as 
described for Example 1 and subjected to a dimbing 
drum peel test according to ASTM D 1781. and the peel 
strength was 14.1 bs • inches/3-inch wkfth. 
[0123] The porosity in the t)Ottom skin panel was 
0.11%. The surface roughness on the tool side of the 
honeycomb sandwich panel was measured arxl fourxj 
to be 8.6 (im. The panel was dyed with osmium tetrox- 
ide. and a reflected electron image l>y a scanning elec- 
tron microscope was observed. It could be conf inned 
that many fine spherical nyfon partides were uniformly 
distrbuted in the resin rich portion of the skin panel. 

Example 7 

[01 24] Forty five parts by weight of bisphenol A type 
solid epoxy (EpIOOI. epoxy equivalent 467. produced 
by Yuka Shefl Epoxy K. K.), 30 parts by weight of bisphe- 
nol A type liquid epoxy (Ep828. epoxy equivalent 189. 
produced by Yuka Shell Epoxy K.K.). 25 parts by weight 
of tetraglyddytdiaminodiphenyfmethane (ELM434 pro- 
duced by Sumitomo Chemical Co., Lid.) and 30 parts of 
hydroDcyl group-ended polyether sulfone (5003P pro- 
duced by Mitsui Toatsu Chemfoate. Inc.) were kneaded 
in a kneader at 130*C for 2 hours. To the mixture, 12 
parts by weight of fine nylon 12 partides (SP-500, aver- 
age partide size 5 pin. produced by Toray Industries, 
Inc.) and 25 parts by weight of 4.4'-diaminodiphenylsul- 
fone as a curing agent were added, and the mixture was 
stirred at eo^C for 30 minutes, to prepare an epoxy resin 
composition. The resin was cured, and the fradure 
toughness was measured and found to t>e 1.8 
MPa • m^'^. The Tg of the cured redn was 178*0. The 
fracture face of tfie cured resin was obsenred by a scan- 
ning electron microscope, and a miaophase separated 
structure with domains of about 3 pm In average particle 
size couki be confirmed. 
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[0125] Releasing paper was coated with the resin 
oomposrtion. to prepare a resin film with an areal resn 
unit weight of 66 gAif . The resin film was set In a pre- 
preg machine, and a cartx>n fiber plain weave (areal unit 
weight 190 g/m^. yarn thickness 0.11 mm, yam 
width/yam thickness ratio 70.2) of catbon iibers 
T700SC-12K (12000 filaments, 7200 deniers) produced 
by Toray Industries. Inc. with a strand tensile strength of 
4.9 GPa. elastic modulus in tension of 230 GPa, tensile 
elongation at break of 2. 1 % and hook drop value of 1 70 
mm was impregnated on both sides with the resin, to 
obtain a prepreg. In this case, the impregnation temper- 
ature was 100*C. TTie cover factor of the prepared pre- 
preg was 98.3%, and the tackiness and drapabili^ of 
the prepreg were good. 

[01 26] A laminate consisting of a honeycomb core and 
the prepreg was placed on an aluminum boani with a 
fluorine resin film laid on it. and the laminate was 
packed in vacuum by a nylon film, being fabricated in an 
autoclave No adhesive film was placed between the 
prepreg and the honeycomb core, and the prepreg was 
cured to be directly bonded to the honeycomb core. The 
honeycomb sandwich panel obtained like this was sub- 
jected to a climbing drum peel test according to ASIU 
D 1781. The peel strength was 19.3 lbs Mnches/3-inch 
width. 

Conrparative Example 3 

[0127] A resin composition was prepared as 
desaibed for Example 7. except that the fine nylon 12 
particles were not added. The fracture toughness was 
measured and found to be 0.9 MPa • m"*^. A prepreg 
was obtained as described for Example 1. The cover 
factor of the prepreg was 98.4%. A honeycomb sand- 
wich panel was obtained as described far Example 1. 
and subjected to a climbing drum peel test. The peel 
strength was 8.8 lbs • inches/3-inch width. 

Industrial Applicability 

[0128] According to the present inventioa a woven 
fabric prepreg small in the surface porosity of the skin 
panels, less in the number of pits, excellent in smooth- 
ness, small in Inte'nal porosity, excellent in self adhe- 
siveness and little changing in tackiness with the lapse 
of time when fabricated as a honeycomb sandwich 
panel can be obtained. 

Claims 

1 . A woven fabric prepreg, comprising at least the fol- 
lowing [A], [B] and [0] and having a cover factor of 
95% or more. 

[A] A woven fabric as reinforcing f bers 

[B] A thernx)setting resin or a thermosetting 
resin composition 


(C| f=ine particles of a resin 

2. A woven fabric prepreg, according to claim 1. 
wherein [A] is a reinforcing woven fabric containing 

s at least cartx>n fibers and/or graphite fibers. 

3. A woven fabric prepreg. according to daim 1 or 2, 
wherein [A] Is a woven fabric formed by reinforcing 
multifilament yams with a yarn thickness of 0.05 to 

10 0.2 mm and with a yam width/yam thickness ratk> of 
30 or more. 

4. A woven fabric prepreg, according to any one of 
claims 1 through 3, wherein [A] is a reinforcing 

15 woven fabric formed by cartoon fiber yanns with an 
elastic modulus in tension of 200 GPa or more. 

5. A woven fabric prepreg. according to any one of 
claims 1 through 4. wherein [A] is a woven fabric 

20 formed by reinforcing multifilament yams respec- 
tively consisting of 5000 to 30000 filaments. 

6. A woven fabric prepreg, according to any one of 
claims 1 ttirough 5. wherein [A] is a woven fabric 

25 having cart>on multifiament yams as weaving 
yarns, with an areal unit weight of 100 to 320 g/m^. 

7. A woven fabric prepreg, according to any one of 
claim 1 through 6. wherein [A] has a woven struc- 

30 ture selected from plain weave, twill weave, leno 
weave and satin weave. 

8. A woven fabric prepreg. accotxiing to any one of 
daim 1 through 7, wherein [B] is a thermosetting 

35 resin composition, the fracture toughness Ktc of 
which after having been cured measured based on 
ASTM D 5045-91 is 1.0 MPa • m^^ or more. 

9. A woven fabric prepreg. according to any one of 
40 daims 1 through 8. wherein [B] is a thermosetting 

resin composition, the glass transition temperature 
of which after having been cured is 160'*C or higher. 

10. A woven fabric prepreg, according to any one of 
<5 daims 1 though 9, wherein at least an epoxy resin 

and/or a phenol resin is contained as [B]. 

11. A woven fabric prepreg. according to any one of 
daims 1 through 10. wher^n at least a glyctdyl 

so ether type epoxy resin of 400 or more in epo)^ 
equivalent is contained as [B]. 

12. A woven fabric prepreg, according to any one of 
daims 1 tiirough 11. wherein [B] is atinermosetting 

£5 resin composition containing a thermoplastic resin. 

13. A woven fatMic prepreg, according to any one of 
dainfis 1 through 12, wherein [B] Is a thermosetting 
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resin oomposttion containing at least one selected 
from polyamides, pclyethers. polyesters, polyim* 
ides and polysuHbnes. 

14. A woven fatxic prepreg. according to any one of s 
claims 1 through 13. wherein [B] is a thermosetting 
resin composition containing a ntber. 

15. A woven fabric prepreg, according to claim 14, 
wherein the rubber is aaylonitrile-butadiene copol- io 
ymer rubber. 

16. A woven fabric prepreg. according to any one of 
claims 1 thnxjgh 15, wherein [CI is fine particles of 

a thermoplastic resin. is 


and [C] exist on both sides of the honeyoorrt) core 
P]. 

25. A honeycomb sandwich panel, according to daim 
22, wherein [D] is a honeycomb core selected from 
aramid honeycomb core, aluminum honeycomb 
core, paper honeycomb core. GFRP honeycomb 
core and graphite honeycomb core. 


17. A woven fabric prepreg. according to any one of 
claims 1 through 16. wherein [C] is fine partides of 
at least one resin selected from polyamides. poly- 
ethers, polyesters, polyimides. polysulfones and 20 
polyurethanes. 


18. A woven fabric prepreg. according to any one of 
claims 1 through 17. wherein the elastic modulus of 
the material of [C] is lower than the elastic modulus 2s 
of(B]. 


19. A woven fabric prepreg, according to any one of 
claims 1 through 18. wherein [C] is fine partides of 
a thermoplastic resin and the partide size is 1 to 50 30 


20. A woven fabdc prepreg, according to any one of 
claims 1 through 19. wherein the content of [C] Is 2 
to 1 5% fc>ased on the amount of the resin consistirig 3S 
of [B] and [Q). 


21. A woven fabric prepreg, according to any one of 
claims 1 through 20. wherein the content of [B] + [C] 

is 33 to 50 wt% based on the total weight of 4o 
[A] + [Bl + [q. 

22. A honeycomb sandwich panel, con^prising skin 
panels consisting of at least the fbllowv^ [A]. [B] 
and [C]. and [0]. 4S 

[A] A woven fabric as reinfordng fibers 

[B] A themiosetting resin or themiosetting resin 
corrpostKXi 

[C] Rne partides of a resin so 
fp] A honeycomb core 

23. A honeycomb sandwich panel, according to daim 
22. which conforms to any one of daims 2 through 
21. 55 


24. A honeycomb sandwich panel, according to daim 
22, wherein the skin panels consisting of [A], [6] 
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